A rod-shaped, Gram-stain-negative, slightly halotolerant bacterium, designated strain D15-8P
first proposed the genus Marinobacter with the hydrocarbon-degrading Marinobacter hydrocarbonoclasticus SP.17 T (5ATCC 49840 T ) as the type species.
At the time of writing, the genus Marinobacter comprises 36 recognized species isolated from diverse environments (Euzéby 2015) . Five recognized species could aerobically metabolize saturated hydrocarbons (e.g. tetradecane, hexadecane, eicosane, heneicosane, and pristane) and/or aromatic hydrocarbons (e.g. phenyldecane and phenanthrene) (Gauthier et al. 1992; Huu et al. 1999; Márquez et al. 2005; Shivaji et al., 2005; Green et al. 2006; Gao et al. 2013) . In anoxic conditions, species of the genus Marinobacter were the dominant component in marine polycyclic aromatic hydrocarbon (PAH)-degrading communities (Rontani et al. 1997; Lu et al., 2011) . Species of the genus Marinobacter might enhance the biodegradation of crude oil through the biosynthesis of glycolipids (Kato & Watanabe, 2009) . The aim of the present study was to determine the exact taxonomic position 3These authors contributed equally to this work.
Abbreviation: PAH, polycyclic aromatic hydrocarbon.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain D15-8P T is FJ799007. The GenBank/EMBL/DDBJ accession numbers for the gyrB sequences of strain D15-8P IP: 54.70.40.11
On: Wed, 09 Jan 2019 05:38:17 of strain D15-8P T , which was isolated from marine sediment samples and showed good ability on PAH-degrading. Sediment samples were collected from the South China Sea located at 198 589 37.20 N 1118 259 15.60 E. ONR7a medium (Dyksterhouse et al., 1995) supplemented with phenanthrene (0.2 g l
21
) was used to enrich the phenanthrene-degrading consortium. The culture was transferred to the same medium twice after incubation for 21 days to obtain a phenanthrene-degrading consortium. The strains were isolated on M8 agar plates as described by Gao et al. (2013) . M8 medium was also used to characterize the morphological and biochemical traits.
Gram staining, catalase and oxidase activity, indole production, H 2 S production, Voges-Proskauer reaction, methyl red test, nitrate/nitrite reduction, and hydrolysis of starch, Tween 80, gelatin and DNA were performed according to methods described by Dong & Cai (2001) . The optimal growth temperature (4, 10, 20, 25, 37, 40, 45 and 55 8C) and pH (pH 5.0-11.0 in 0.5 unit increments), NaCl tolerance (0, 0.5, 1, 3, 5, 7, 8, 10, 15 and 20 %, w/v) , and antibiotic susceptibility were determined according to previously described methods (Gao et al., 2013) . The broth buffers for the pH experiments were citric acid/NaOH (for pH 5-6), NaHPO 4 /Na 2 HPO 4 (pH 6.5-8), glycine/NaOH (pH 8.5-10), and Na 2 HPO 4 /NaOH (pH 11). Cell morphology was observed using an inverted microscope (Eclipse TE2000 U; Nikon) and a transmission electron microscope (JEM-1230; JEOL). API 20NE and API ZYM strips (bioMérieux) were used according to the manufacturer's instructions, with the NaCl concentration adjusted to 3.0 % (w/v). To test carbon source assimilation for comparison with closely related type strains, mineral medium solution described by Shivaji et al. (2005) , with a final concentration of 0.2 % (w/v) carbon source was used. To determine the PAH degradation of the strains, an incubation experiment was conducted in triplicate in 50 ml ONR7a media supplemented with naphthalene, phenanthrene or anthracene (each at 0.1 g l
) as sole source of carbon and energy. Late-exponential phase bacterial cultures were inoculated into the media at 1 % (v/v) and subsequently incubated under dark conditions on a rotary shaker (150 r.p.m.) at 20 8C for 7 days. Control treatments without any inoculum were conducted in parallel. The turbidity of the cultures was measured using a Unico WFJ 2000 spectrophotometer to indicate the growth of the bacteria and the degradation of each PAH.
Phylogenetic analysis was performed based on 16S rRNA and gyrB gene sequences. The 16S rRNA gene sequences were amplified from genomic DNA using the universal primer sets 27f and 1502r. The gyrB genes of strain D15-8P
T and closely related strains were sequenced using the method described by Yamamoto et al. (2000) . The 16S rRNA gene sequences of related strains were collected using BLAST search (Altschul et al., 1990) and the EzTaxon-e server (Kim et al. 2012) . Phylogenetic analysis was conducted using the software MEGA version 4.0 after achieving multiple alignment using BioEdit version 7.0.9 (Tom Hall, Ibis Biosciences).
Phylogenetic trees were reconstructed by maximum-parsimony (Fitch, 1971) , maximum-likelihood (Tamura & Nei, 1993) and neighbour-joining (Saitou & Nei, 1987) methods through bootstrap analysis based on 1000 replicates.
The A 280 /A 260 and A 230 /A 260 ratios were used to assess the purity of genomic DNA for the G+C content test. DNA G+C content was determined according to the method described by Mesbah & Whitman (1989) . The resultant nucleotides were analysed through reversed-phase HPLC. The DNA-DNA relatedness between strain D15-8P
T and closely related strains was determined according to the method provided by Liu & Shao (2005) . Salmon sperm DNA (Sigma) was used as a negative control and Escherichia coli DH5a was as an outgroup sample. The respiratory quinone of strain D15-8P
T was analysed by HPLC (Collins, 1985) . Polar lipids were detected under the instructions of Komagata & Suzuki (1987) , with TLC analysis performed on the direction of Collins & Jones (1980) . Molybdophosphoric acid, ninhydrin, zinzadze reagent and anisaldehyde/sulfuric acid were sprayed for characterization of lipid spots. For cellular fatty acid analysis, cells were grown on M8 plates for 3 days at 25 8C. Fatty acid methyl esters were obtained from freezedried biomass through extraction, saponification and esterification. The composition of the fatty acid methyl esters was analysed through the protocol set by the Sherlock Microbial Identification System (MIDI; Sasser, 1990) .
Cells of strain D15-8P
T were Gram-stain-negative and rodshaped, 0.4 mm wide61.3-2.6 mm long (Fig. S1 , available in the online Supplementary Material). Colonies were circular, convex, beige and quite mucoid on the M8 agar plate. Strain D15-8P
T was slightly halotolerant with optimum growth in the presence of 0.5-1.5 % (w/v) NaCl. Strain D15-8P
T grew from 10 8C to 40 8C (optimum 25 8C), and from pH 5.5 to pH 9.5 (optimum pH 7.0-8.0). In the physiological and biochemical studies, strain D15-8P
T and the four closely related type strains (Marinobacter maritimus JCM 12521 T , Marinobacter antarcticus CGMCC 1.10835 T , Marinobacter guineae CECT 7243 T and Marinobacter lipolyticus DSM 15157 T ) showed positive reactions for catalase and oxidase, but negative reactions for the methyl red test, nitrite reduction, indole production, and hydrolysis of DNA and gelatin. In API ZYM tests, all five strains were positive for esterase, esterase lipase and N-acetyl-b-glucosaminidase activities, but negative for trypsin, a-and b-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase and b-fucosidase activities. In addition, strain D15-8P
T utilized naphthalene, phenanthrene and anthracene as sole carbon sources, whereas the four closely related strains showed no growth on these PAHs. Moreover, strain D15-8P
T was resistant to nalidixic acid (30 mg), oxacillin (1 mg), kanamycin (30 mg), carbenicillin (100 mg), penicillin G (10 IU), ampicillin (10 mg) and vancomycin (30 mg), but susceptible to erythromycin (15 mg), rifampicin (5 mg), polymyxin B (300 IU), tetracycline (30 mg) and chloramphenicol (30 mg). The detailed physiological and biochemical features of strain D15-8P
T are shown in Venkateswaran et al., 1999) , and thus distinguished strain D15-8P T from the four closely related species (Fig. 2) . In summary, strain D15-8P T belonged to the genus Marinobacter as shown by the 16S rRNA gene phylogenetic analysis, and analysis of the gyrB gene sequence further affirmed that this strain represents a novel species (Stackebrandt & Goebel, 1994) .
The DNA G+C content of D15-8P T was 56.8 mol%, which was within the range 54.0 mol% to 63.5 mol% reported for the genus Marinobacter (Shieh et al, 2003; Kim et al, 2006) . The DNA G+C contents of strain D15-8P
T and the four closely related strains were very close to each other (from 55.8 % to 58 %). The DNA-DNA hybridization assay showed that strain D15-8P
T exhibited low levels of relatedness with the type strains of the four closely related species, with values of 64.5¡5. Q-9 and Q-10 (minor) as the respiratory quinones. Q-9 is the principal respiratory quinone, which is the same as the other species of the genus Marinobacter [except Marinobacter lutaoensis (Shieh et al., 2003) ]. Strain D15-8P
T contained phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, an unidentified aminophospholipid and an unidentified phospholipid as total polar lipids (Fig. S4) . The polar lipid profiles of strain D15-8P
T and the type strains of the four closely related species were similar, consistent with a previous report (Chang Liu et al. 2012) . The main fatty acids of strain D15-8P T were C 12 : 0 , C 14 : 0 3-methyl, C 16 : 0 , C 16 : 1 v9c and C 18 : 1 v9c, and these fatty acids constitute 82.32 % of the entire fatty acids of this strain (Table S1 ). C 12 : 0 , C 16 : 0 , C 16 : 1 v9c,and C 18 : 1 v9c are characteristic of the genus Marinobacter including strain D15-8P
T and the four closely related species. These results suggest that strain D15-8P
T is a member of the genus Marinobacter, although several fatty acid features distinguished the novel strain from the type strains of the four closely related species. For example, strain D15-8P
T contains the unique fatty acid C 14 : 0 3-methyl (22.0 %), and the difference in the proportion of C 12 : 0 and C 18 : 1 v9c is much higher in strain D15-8P T than in the four closely related type strains, particularly C 12 : 0 (.10 %). Data from the fatty acid analysis affirmed the differences between strain D15-8P T and the type strains of the most closely related species. The phylogenetic analysis based on 16S rRNA gene sequences showed that the divergence values between strain D15-8P
T and the type strains of the four most closely related species were below 3.0 %. A number of features, including the physiological and biochemical properties, suggested that strain D15-8P T belongs to the genus Marinobacter. However, some unique features distinguished strain D15-8P
T from other species of the genus Marinobacter. The gyrB gene sequence similarity between strain D15-8P
T and type strains of closely related species was below 84 %. Moreover, the DNA-DNA hybridization value was under 65 %, which is also much lower than the cut-off value. Significant differences in the fatty acid composition were also found, such as in the proportion of C 14 : 0 3-methyl, C 12 : 0 and C 18 : 1 v9c. Table 1 shows the other differences between strain D15-8P
T and the type strains of the four closely related species as found through the biochemical tests. According to the above features, strain D15-8P
T represents a novel species of the genus Marinobacter, for which the name Marinobacter aromaticivorans sp. nov. is proposed. concentrations ranging from 0.5 % to 10 % (w/v), with optimum growth occurring in the presence of 0.5-1.5 % (w/v). Can be cultivated from 10 uC to 40 uC (optimum 25 uC) and at pH 5.5-9.5 (optimum pH 7.0-8.0). Positive for catalase, oxidase, and hydrolysis of Tween 80, but negative for hydrolysis of DNA and gelatin, nitrite reduction, indole production, Voges-Proskauer reaction, and methyl red test. Assimilates dextrin, D-mannose, a-ketovaleric acid, DL-lactic The type strain, D15-8P T (5CGMCC 1.11015 T 5KCTC 23781 T ), was isolated from a sample of sediment from the South China Sea. The DNA G+C content of the type strain is 56.8 mol%.
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